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SU M M A R  Y 

It is pointed ou t  t h a t  the  var ious  i n s t a b i l i t i e s  ( including,  in t he  
f i r s t  p l ace , the  beam i n s t a b i l i t y ) ,  t ak ing  place i n  the  i n t e r s t e l l a r  and in- 
t e r g a l a c t i c  plasma, e x e r t  a s u b s t a n t i a l  in f luence  upon t h e  d i s t r i b u t i o n  func- 
t i o n  of cosmic r a y s  by d i r e c t i o n s  a d  energies ,  and a l s o  on t h e i r  s p a t i a l  
d i s t r i b u t i o n  and d i f fus ion .  

As a r e s u l t  of the  above, t h e  accounting of plasma events  acqui res  
a fundamental value in the  as t rophys ics  of cosmic r a y s  and in t h e  theory of 
t h e i r  o r i g i n .  I n  p a r t i c u l a r ,  the presence of i n s t a b i l i t i e s  must apparent ly  
lead t o  a r ap id  and p r a c t i c a l l y  t o t a l  i s o t r o p i e a t i o n  of cosmic rays in galaxies 
as w e l l  as i n  t he  i n t e r g a l a c t i c  space, In the  t r a n s i t i o n a l  reg ion  between 
s t r a n ?  a n d  weak f i e l d ,  the outflowing cosmic r a y s  with a s t r o n g  f i e l d  (eSther  
from palaxy or supernova s h e l l )  w i l l  lead t o  t h e  development of turbulence,  
and  by t h e  same token to "self-locking". Discussed are a lso  s e v e r a l  o t h e r  
r e l a t ed  questions,  

* * *  
I n  t h e  course of the  last years  i t  has become a l ready  genera l ly  

r e c o p - i t e d  t h a t  cosmic rays play a s u b s t a n t i a l  dynamic and e n e r g e t i c  r o l e  in 
galax ies ,  and more p a r t i c u l a r l y  in radiogalax ies .  For example, in our Gal-, 
which is a normal galaxy, t he  energy dens i ty  of cosmic r a y s  is ~ ~ - l O ' ~ e r g / c m  

and the  m e p e t i c  f i e l d  i n t e n s i t y  is H - 3 + 10 

-3 

oe , so t h a t  

the  inne r  energy dens i ty  of a gas with concentrat ion n -1 and temperature 

T - 10 e < wG, 4 is E-n T and, therefore ,  in most of the G a l a x y  reg ions  
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2. 

Values w of energy dens i ty  of cosmic rays ,  still  by seve ra l  o rde r s  

g r e a t e r ,  are encountered in rail iogalaxies.  Eoreover, there e x i s t  s p e c i f i c  

d a t a  on the  spectrum =?ad s p a t i d  d i s t r i b u t i o n  of cosmic rays i n  ga lax ies  

( f o r  d e t a i l s  see c11 and t he  re ferences  ind ica t ed  the re ) .  

f3 

I n  case of metagalact ic  space the  s i t u a t i o n  is already d i f f e r e n t :  

here  even such bas i c  quest ion as mean energy dens i ty  of cosmic rays ,  w 
is  t h e  ob jec t  of discussion, Thus, i n  our opinion [ 1 , 2 1  ( and t h e  same 
conclusion is a l s o  found in other  works) 

mg' 

To t h e  cont ra ry ,  Burbidge and Hoyle are inc l ined  t o  be l ieve  in 
t h e i r  work [3], and still more s p e c i f i c a l l y  in preceding papers, t h a t  

w r~ 10-12. Ue s h a l l  not,  however, pause here  a t  concrete  object ion8 [4] 
arovoked by t h e  e s t ima tes  of C31,inasmuch as t he re  is l i t t l e  more t h a t  we 
could add t o  the  a l ready  presented i d e a s  i n  favor  of v a l i d i t y  of t h e  inequa- 

l i t y  (1) [l, 23. If t h i s  i c e q u a l i t y  is f u l f i l l e d  and, a t  t h e  same time, t h e  

metagalact ic  cosmic rays are t o  a s u f f i c i e n t  measure i s o t r o p i c ,  they can n o t  

s i g n i f i c a n t l y  con t r ibu te  t o  wG 11, 23, t h a t  is, t h e  main p a r t  of cosmic rays 
i n  t h e  Galaxy must a lso  form in it. In  t h i s  connection i t  is  important t o  

a s c e r t a i n  the  acceptable  degree of anisotropy of cosmic rays i n  t h e  Meta- 
galaxy; i n c i d e n t a l l y ,  the  quest ion of i so t ropy  (its na tu re  and the  poss ib l e  

degree of anisotropy)  is  q u i t e  important and not s u f f i c i e n t l y  clear a t  all 

even when appl ied  t o  t h e  Galaxy. 

mt3 

The opinion was voiced i n  [l, 23 (in p a r t i c u l a r  with respect t o  t h e  

work by 

may exis t  i n  the  metagalactic space, inasmuch as t h e  magnetic f i e l d  ( i n  any 

case so long as 

pressure  of cosmic rays. However, such a conclusion has no t  been s t renghte-  

ned by concrete  estirnateE,while P ike l 'ner  C63recent ly  proposed a model of 
a regula ted  metagalact ic  f i e l d  i n  which the  assumption of cosmic r a y  flux's 
anisotropy appears t o  be q u i t e  admissible at first s i g h t * ,  

[see i n f r a p a g i n a l  comments in the  f o l l o s i n g  page 1 

Sciama (531, t h a t  no somewhat s u b s t a n t i a l  anisotropy of cosmic rays 

H2 
wmg > is incapable of compensating t h e  an i so t rop ic  
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Therefore, the  quest ion of anisotropy sf c+smit rays w a s  fcrznd 

t o  be qu i t e  e s s e n t i a l .  Aside from the enumerated problems of cosmic ray 
as t rophys ics ,  t h e r e  is still  the  problem of t r a n s i t i o n a l  region from ga- 
l a c t i c  t o  metagalact ic  space t h a t  should be r e f e r r e d  t o  them. It should, in 
p a r t i c u l a r ,  be ascer ta ined  what t he  cosmic r a y  flux is in t h a t  region,  and, 

gene ra l ly  speaking, in what fashion do these  cosmic rays emerge from gala- 
x i e s ,  what is the  form of the s’pectrum of galactic cosmic r a y s  in t h e  region 
of l o w  energ ies  [1,7] anc, f i n a l l y  what is t h e  role of cosmic rays from t he  

s tandpoin t  of processes  tak ing  place in the  metagalact ic  gas ( t h e r e  is namely 

quest ion of heat ing of t h a t  gas). 
Thus, t he  g rea t  achievements reached i n  t h e  region of as t rophys ics  

of cosmic r ays  i n  t he  course of t h e  las t  decade cannot in any way s h i e l d  

t h e  prezence of a c t u a l  and, a t  the same time, nebulous moments of t h e ,  
The understanding and the f u r t h e r  i nves t iga t ion  of t he  enumerated 

i n s u f f i c i e n t l y  clear problems of as t rophys ics  of cosmic rays is, in our 

opinion, c l o s e l y  l i nked  wi.5h the accounting of plasma effects  i n  cosmic 
space. Evidently,  t h i s  a s se r t ion  is  s u f f i c i e n t l y  obvious i n  its general 
form; i t  is included i n  [l] a n d  , probably also i n  a ser ies  of o the r  sour- 
ces. (’de s h a l l  point  out ,  i n  p a r t i c u l a r ,  the  ex is tence  of a n a l y s i s  of a se- 

r i e s  of plasma e f f e c t s  i n  cosmic condi t ions,  conducted by Tsytovich C81). 
However, we r e f e r  here  t o  e n t i r e l y  concrete remarks l i nked  with the  account 

of beam and o the r  i n s t a b i l i t i e s  i n  a r a r e f i e d  plasma ( these  quest ions w e r e  

more than once discussed and still  are i n  t h e i r  general form, a6 w e l l  as 
i n  connection with the  problem of thermonuclear syn thes i s ,  the  theory of 

sporadic  s o l a r  r a d i o  emission, the co l lapse  of a magnetic star and 60 f o r t h  

C9 - 143 **. 
[from the  preceding pageJ. 

i s o t r o p i c  i n  t he  reg ion  with 
space with a f i e l d  H, 4 H 
s i n 2 8 / K  That is why% t#e 

- In such a model, j u s t  as in [?I, cosmic rays, 
the f i e l d  Hg (galaxy) e n t e r  t h e  metagalact ic  
with t h e  preserva t ion  of the  a d i a b a t i c  i n v a r i a n t  
Wetagalaxy cosmic rays are s t rong ly  an i so t rop ic  

( e - = V ~ m g i  ana / w  N Hm /2H 1. Here t h e  Lewi l l  theoren, ac- 
cording t o  w h i 2  the inten:?fy 5 of c&mic!%ays i n  a cons tan t  magnetic f i e l d  
is  i 6 e n t i c a l  along p a r t i c l e  t r a j e c t o r y ,  is taken i n t o  account. A t  Hg- 3 e 1 0 - 6 ,  
H -3 10-9 ani! w - l O g u ,  hence e,, 4 lo and 
Tas, the  i n e q u a l i t y q l )  i s  observed, but  p r a c t i c a l l y  &1 the  cosmk r a y s  in 
t h e  Galaxy might have a metagalact ic  or ig in ,  
* *  The b a s i s  of the p re sen t  paper is  the  r e p o r t  cont r ibu ted  by the author  
t o  t h e  I n t e r n a t i o n a l  Symposium on the  problem of multivle bodies  ( i l l e g i b l e ) .  

wm v lOD15 erg cm-3. 
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To be s p e c i f i c ,  l e t  us consider t he  following p o s s i b i l i t y :  

t he  magnetic f i e l d  egresses  from galaxy i n t o  the  metagalact ic  space 

i n  a smooth fash ion  (expansion of the  tube of force)  and i n  the  ab- 
eence of any s o r t  of f i e l d  i r r e g u l a r i t i e s ,  wave f r o n t s  and so f o r t h ,  

Under similar condi t ions t h e  isotropic or quas i - i so t ropic  cosmb r a y s  

w i l l  move with the  preservat ion of the  a d i a b a t i c  invariant 
2 sin 8 / H = const,  

and, as already pointed out  above, they w i l l  form i n  t h e  Metagalaxy 
a beam movinF p r a c t i c a l l y  along t h e  f i e l d .  But such a case is a clas- 
s i c a l  exanple of what h a p ~ e n s  when beam i n s t a b i l i t y  develops, A t  t he  

same tiole it  is mate r i a l  t h a t  the plasma frequency of the  %othern 

(metaga lac t ic )  plasma and of the beam i t s e l f  a r e  very high when com- 

pared with 1/ Zg, where Z 
l u t i o n  o r  even the time of radiogalaxy explosion, I n  r e a l i t y ,  making 

use of the  w e l l  known expressions (see,  for example, [15]) and without 
a d d i t i o n a l  explanat ions,  l e t  us bring f o r t h  c e r t a i n  f i g u r e s  for t he  
metagalact ic  plasma with e l ec t ron  concentrat ion n - , 

is t h e  c h a r a c t e r i s t i c  time of galaxy evo- 
g 

In t h i s  case the  plasma frequency is 

and t he  3ebye rad ius  

(at temperature T 105 OK). 
Under the sme condktions the  number of c o l l i s i o n  of e l e c t r o n s  

w i t h  i ons  is 

-1 9 = In (220Tn - 10-11 sec , 
T 312 

*/*  0 



eH 
=g mc 

In the  f i e l d  H < loo7 the  gyrofrequency is OH = -=l.76 lO7H <lo 
and therefore ,  

damping plasma waves ( k s  = 2"s 6 1 ) can already propagate in t h e  meta- 
-13 g a l a c t i c  sgace. Further ,  at spectrum i n v a r i a b i l i t y ,  t he  value ZJHA- 10 

wi th  concentrat ion Rm - lO'l3 cm-3 the  plasma frequency of the beam is 

Uz.>%2. It is  already c l e a r  from these f i g u r e s  t h a t  weakly- 

x 

responding t o  dens i ty  - erg/cm 3 , even f o r  a f l u x  of cosmic rays 

(he re  the t o t a l  energy is 
t r i b u t i n ?  p r i n c i p a l l y  t o  %).The except iona l  smallness of the  r a t i o  

E -Me2 -lo9 ev, which responds t o  protons con- 

1 
1% 

i s  evident ,  It is n a t u r a l l y  more material t h a t  t h e  r a t i o  - is also small, 
where is the  increment of plasma o s c i l l a t i o n s ,  s e t t i n g  in? by t he  s t r e n g t h  

of beam i n a t a b i l i t y ,  For the  czse under d iscuss ion  t h e  value of has  re- 
c e n t l y  been est imated by us  i n  the paper C161, and p r e c i s e l y  for  t h e  ind i -  

cater! garameter values  and i n  the assumption that the s c a t t e r i n g  of velo- 

c i t i e s  in the  beam is qT cv C. A t  the  same time l / y  - hr 30 years. The 
poin t  is t h a t  y,,*"$ /% , and a t  the  same t h e  the g r e a t e s t  increment 

responds t o  waves f o r  which kc woo 

kc -do 

2 s  

( f o r  the s h o r t e s t ,  weakly-damping wave8 
or ksb- 1. which l eads  t o  t h e  value 

Xlen talcha i n t o  account the  magnetic f i e l d ,  the  bean w i l l  also generate 
other-type waves, which a t  t he  f i r s t  s tage  at l e a s t  may only increase  t h e  

acc re t ion  rate of per turba t ions  i n  the  plasma ( i n c i d e n t a l l y ,  t h e  beam insta- 

b i l i t y  does not amount t o  generation of l ong i tud ina l  waves e i t h e r  C22) cop::+ 
in the  absence of a m a e e t i c  f i e l d ) .  Further ,  at galaxy, and p a r t i c u l a r l y  

radiogalaxy boundary, one may expect concentrat ions by s e v e r a l  order greater 

than t h e  u t i l i z e d  metagalact ic  value N u -  
However rough the  ind ica ted  es t imates  may be, t he  '*reserveR appears 

t o  be so great t h a t  we reach the conclusion of t he  imposs ib i l i t y  of ex i s t ence  

of somewhat prolonged time of strongly an i so t rop ic  d i s t r i b u t i o n  of cosmic 

rays. C' s e e  in f r apag ina l  note  next page]. 
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The beam i n F t a c i l i t y  leads f i r s t  o f  ell to wave intensity increase  

t i zd  then t o  plasma "turbul izat ion" emd t o  the i s o t r o p i z a t i o n  of t h e  beam 

i t s e l f  ( i n  t h i r  regard t're an iso t ropic  i c s t a b i l i t y ,  discussed below. and 

a l s o  o t h e r  i n s t a b i l i t y  mecha.nisms a r e  e s F e n t i a l ) .  T h e  e d t t e d  and Eubseeuently 

al-.Eorbed waves EE a reEult  of c o l l i s i o n s  ( and i n  a w e l l  known sense of non- 

l i n e a r  p roce~se r ;  a l s o )  l ead  t o  heat inq of the  metagalact ic  medium. This  im- 
porta . i t  cuest ion ( p a r t i c u l a r l y  from t h e  cosmological po in t  of v i e r )  is exa- 
mined i n  d e t a i l  i n  c163, PO t h a t  w e  s h e l l  no t  dwell upon i t  here any longer .  

Eo= f a r  w i l l  the i so t rop iza t ion  of cosmic rays go 86 a reeult of 
beam i n s t a b i l i t y ?  Had the  d i s t r i b u t i o n  fiinction (spectrum) of cosmic r ays  

been i n v a r i a b l e ,  one mizht have m t i c i p a t e d  a drop of a c e r t a i n  e f f e c t i v e  

concentrat ion of p m t i c l e s  w i t h  an iso t ropic  d i s t r i b u t i o n ,  ( degree a 
of cosmic ray anieotropy 6-NKA,  a /NK4 1. t o  values ,  when 1 /".-Cg. Inas- 

- 
much a6 

small  value NIcA, a 'V lC'? Another e f f e c t  is evident ly  more e s s e n t i a l  - 
t h e  v a r i a t i o n  of the  very cj is t r ibut ion of p a r t i c l e s  i n  t h e  beam with "plateau' 

forna t ion  ( a s  is  w e l l  known, in tbe one-dimensional case,  t h e  beam is un- 
s t a b l e  only ir ,  the precence i n  its spectrum by v e l o c i t i e s  of a c e r t a i n  maxi- 
m m  a t  W# 0 >. As a remit of t h i s ,  60 long as t h e i r  flux is an i so t rop ic  *, 
the  maxi-,um i n  the  Fpectram of c o m i c  rays w i l l  s h i f t  f u r t k e r  and f u r t h e r  

i n t o  t h e  region of l o ~  enerTies.  3ut  i n  t h i s  region the  ion iza t ion  l o s s e s  

riFe rharp ly  and therefore  a cause is ave i l ab le  f o r  m a x i m u m  preservat ion.  

T:?us, the  beam i n s t e b i l i t y  muFt lend t o  e f f e c t i v e  i s o t r o p i z a t i o n  of cosmic 

rsys * *  and t h e  s 5 f t  of the  maximum i n  t h e i r  spectrum toward the region of 
lov. energ ies ,  T h i e  is preciEely whet is observed, t h a t  is, the  anisotropy of 
cosmic rays is gecera l lp  not r e l a i b l y  e s t a3 l i shed  and it does no t ,  i n  any 

case,  exceed f r a c t i o n s  of a percent ( s ee  c11). 

G\3 NKn, a , even at 7 - l o 6  years, r e  ob ta in  thereform a very 
g 

* [from the  preceding page],- We shall not  touch here  upon t h e  s u b j e c t  of 
C O E ~ C  rays  of s o l a r  o r i g i n ,  inasmuch as i n  t h a t  case fas t  processes are es- 
c e n t i a l .  But the  accounting of  observat ions,  made i n  t h i s  paper, i s  obviously 
necessary even a t  analysis of the  problem of solar co~ tn ic  rays. 

* For i s o t r o n i c  d i s t r i b u t i o n  o f  p a r t i c l e s  by d i r e c t i o n s  the  presence of maxi- 
PUT? i n  the  ryec t rux  does not lead t o  i n s t o 5 i l i t y  [1?1. 
** .  As communicat~d t o  the pre.cent au thor ,  t k e  Feme conclusion T'aE reached 
by V. M. Tsytovich [see i n f r a p a r i n a l  note  end ,)eTe f o r  furt:?er lOnla-i?8nd 
remarks m d e  by t l  t preFe7t author a t  correct ion]  
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A F  to t h e  maximum of coFmic rey roectrurn ohPerved near t h e  RPrth,  

i t  may be f u l l y  exglzined by t'ne act im oi the Sun and of t he  Solar 

cystem [I. 71. I n  the l icrht of t h e  above-said, i t  would be neccesary t o  
e r p l a i n  t h e  preEence of aniEotropJr and maximum, he.d they been revealed,  
rather than the  presence of iaotropy ana the  absence of a m e x i m m  in 
t h e  spectrum of galactic cosmic rays. 

The beam i n s t a b i l i t y  of t he  flux of c o s l ~ i c  rays, l eav ing  t h e  

rzzlaxy, nust  @cklg d i s t o r t  the  r e z u l a r  p a t t e r n  of f i e l b ' s  tubes of 
f o r c e  expamion,  ry:-ich we took as a basis. I<oreover, under condi t ions  

of such expanding tube of  force the re  must ar ise  an ape r iod ica l  aniso- 
t r o n i c  i w t a b i l i t y  l e a d i n ?  t o  d i s t o r t i o n ,  and, 8s e mat ter  of f a c t ,  of 

tu rbu lza t ion  of t i e  mamietic f i e l d  [ l o ,  181. The c r i t e r i o n  of such an 
i n s t a b i l i t y  h a s  the  form 

pec t ive lv  t h e  ve loc i ty  components of cosmic rayE, p e r a l l e l  and perpendi- 

c u l a r  t o  the f i e l d  (we make use of a n o n r e l a t i v i s t i c  e x p r e s ~ i o n ,  which 

ccn  h a r d l y  lead t o  a noteble  e r r o r ,  inaemuch a6 f o r  t he  main part  of 
cosmic rays E - Elc2 2( Xc2). A s  has been shown, a t  par t ic le  passage 

from ~ d a x y  t o  l.ieta;&axy* %A,i, wmF: + wKn, 1. , and, a t  the  same t i m e ,  

w u  
16 8K G 

There fore, t h e  c r i t e r i o n  (2) will be f u l f i l l e d  with a large ''reserxe" 
He (for exanple,  at H 3 10.' we  have w - 3 1 ~ 1 5  and /v - 3 The acc re t ion  increment of the discussed f i e l d  per turba-  

mg w 8 

inpefluck! a6 w /Y Mc2 Nm. Fur ther ,  t h e  pe r tu rba t ion  waveleneth may 
OR 
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exceed the  qgroradius  of cosmic rays 

ConEe suent ly  , 

It iF t?.erefore c l e a r  t 5 a t  if the beam of C O E ~ C  rays  reached the  meta- 

ga1.actic r e d o n  (rerrion where  9 - H - 3 without i so t roDica t ion  
mg 

azd Titbout  des t ruc t ion  of t +e r e p l a t e d  f i e l d  s t r u c t u r e ,  both these pro- 

ceeFes P O I ~ L C  take plzce very rapidly.  S u t  t h i E  means t h a t  the t r a n s i t i o n a l  

reqio3El mst be forming f ac tua l ly ;  i f  i n  the  galaxy t:.e f i e l d  was r egu la r  

i t  will become tu rbu len t  in t h i s  region,  w h i l e  t h e  coeriiic ray flux w i l l  be 

i so t rop iz iny .  BY t h e  same totcen, i f  a niW&tion of cosmic rays  forms i n  

any galaxy (sa:-, a s  a result of er?loEion of the g a l a c t i c  nucleus),  t hese  

cosr.ic rays w i l l  be rap id ly  "se l f - ios la t ing"  - surrounding the  reqion occu- 

pied bv then by a turbulen t  l a v e r ,  hinderigg the rapid outflow of cosmic 

r a w  i n  the  surrouahinz space w i t h  a weak f i e l d .  It i s  p rec i se ly  f o r  t h a t  

reason, and from t h e  discussed yoint  of view t h a t  r ad io  ernittin,? clouds 

e re  observed in r a l i o g e l e r i e s ,  ra t : , e r  than a simple spreading of cosmic 

r a m  axon-: the f i e l d  l i n e s .  PJ i t e  ev iden t ly ,  the "c~ouds"  r e f e r r e d  t o  

above,  r:r! containing c o m i c  raw?, may7 erpexd an6 move 88 a whole ,  f a c t  

*-*A.cY if obrerved. Koreover. some d i f fuFive  outflow of c o s d c  rays is  also ' 

n o f r i 3 l e  i" tLIe preFence of e turhulent  boundary l e y e r  l i m i t i n g  the  s y ~ t e m  

( t h e  G a 1 a ~ .  t h e  "c1 ouds" i n  r rd i aga lax ie s  rnd e h e l l s  i n  supernovae ) . 
Unfor tuss te lv ,  without d e t s i l i n g  the P i c t u r e  and the  accounting of a l l  es- 

F e 2 t i a l  i n ~ t a h i l i t i e ~ ,  of nonl inear  i n t e r a c t i o n  of nave6 a d  60 f o r t h ,  no 
r e l i a b l e  etstimete of t h e  d i f fus ioc  c o e f f i c i e n t  sb,, is ~ o s s i b l e  ( s e e  C11I ). 
Y e  may, apTerently,  consider  t he  value 

N C P F l N  -*.- Mc3 3 bld6 
3 3eH H Kh, min 50 

a s  t h e  minimxu value of Q) 
The thus obtained value 40 
s i w i f i c a n t l y  smal le r  than the  coe f f i c i en t  9 MA.l+ 1029 w e d  in [-I, 

(having i n  mind p a r t i c l e s  w i t h  energy E-MC 2 ) ,  - 10 c m  . s e c  ( a t  ~ ~ - 3  10-6) is 22 2 -1 SII 
gn, min 
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:;ol-e~et., her s  t k r e  is F t i l l  no con t rad ic t ion ,  it1asmuck as i n  tile turbu- 

l e 2 t  region is smaller than in t h e  Galwry as a whole, w h i l e  t h e  coef f i -  

c i e n t  SI(,, 
the  appearencr of t?ie t u rbu len t  l e y e r  i n  t3e t r a n s i t i o n a l  region from a 
s t r o n g  t o  a weak f i e l d  c o n r t i t u t e e  unuueEtionably a favorable  moment of 
time t o  explair? t k e  r e t e n t i o n  of cosmic r ays  i n  the  s h e l l s  of supernovae, 

i n  +“he Galexy m d  i n  radio-emit t ing regions (c louds)  of r ad ioga la r i e s .  

can s t i l l  ’De s u b s t a n t i a l l y  g r e a t e r  then 6 A t  any ra te ,  Kn. min 

T;”om t3e a?ove-erpounded i t  follows a l s o  t h a t  c o ~ m i c  rays e n t e r i n g  

t h c  ~ . t e r q a l P c t i c  Fpace fron plexies  muFt r ep id ly  i s o t r o p i z e ,  and be prac- 

t i c a l l y  iEo t rop ic  i r  t h a t  very same space. Dy t h e  Fame token, a t  observa- 
tier? of t:.e i ne r -ua l i t y  (11, t h e  cosmic raw observed i n  t h e  Galaxy must 
zlso be forn in-  i n  i t  (here  w e  are not concerned w i t h  p a r t i c l e s  of very 

h i - h  e,-er,ry, whic2 do not p r a c t i c a l l y  cont r ibu te  at all t o  u . AB follow6 

from X-ray d z t a ,  t;.e tenpers ture  of the metagalact ic  gas is 
G 

A t  the ssme t i m e ,  i f  cosrnic r a y s  a r r ived  f r o g  ga lax ies  i n  such BF- amount, 

t h a t  t h e  value w N w cv 1 C  be a t t e i n e d ,  one ought t o  expect a heat-  mg G 
i n 6  o f  metagalact ic  gas t o  a temperature T - wG/ ~ 1 1 -  1090& Zy t h e  sane 

token o:e dispose of s t i l l -  m o t h e r  a r w e n t  (bes ides  those brouqht ou t  i n  

[l, 2, 211 i n  favor  of v e l i d i t v  o f  t h e  i n e q u a l i t y  (1) .  

-12 

S u n ~ i n n  up ?:e may b r i e f l g  aEaert  t h a t  the  accounting of plasma 

e f t c c t e  ( end: t h e  rlxertion iF here f i r s t  of a l l  about t h e  i n s t a b i l i t y  of 
t5e a r i s o t r o p i c  d iF t r ib3 t i .m  o f  COSTEC rags) is of  bEsic importence f o r  

coFmic ray as t rophys ics  (and i r ,  S F r t i c u l a r  f o r  the t!ieor;v of t h e i r  o r i g i n ) .  

It i r  t r u e  t a t  t h e  arsumenta brought ou t  are i n  8. ser ies  of cases insuf -  

f i c i e n t l y  develoned and one is r a t h e r  l e d  t o  speak i n  terms of a program 

of i n v e s t i g a t i o n  and guess incs  than about proof . One should remember, 
however, tfiat numerous e s s e x t i a l  parameters ( f o r  example, the  i n t e n s i t y  

oi’ t:.e metagalact ic  magnetic f i e l d )  are e n t i r e l y  unknown, ana, t h e r e f o r e ,  

even more p r e c i s e  c a l c n l a t i o c s  would have been 68 eaua l ly  i n s u f f i c i e n t l y  

convincing. IIomever , such ca l cu la t ions  are obviously indispensable  and 

a s e r i e s  0:‘ ? O E E i h i l i t i € &  z r e  here ava ihb le .  Thus, a~ i t  appears t o  u, 
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a dets i le : !  zzd m l % i l e t e r a l  accouzting of rla~m,a enects wi2.1 emerge as 
a neF Etege in the development of c o ~ d c  ray astrophysics .  

A 3 D E N D U M  

-- Port-correct ion remark bv t h e  I Author [ r e f e r  t o  in f r apag ine l  not  of page 63 

A t  t h e  ssne time, according t o  ca l cu le t ions  by V.N.Tsytovich, 

t he  i so t roP iza t ion  of a r e l a t i v i s t i c  beam i n  an i s o t r o p i c  plasma may be 

found t o  be of l i t t l e  e f f e c t i v e n e ~ s  then accounting the l i n e a r  wave i n t e r -  

ac t ion .  (See a l s o  c241). On the o t h e r  hand, t h e  r a t e  of i s o t r o p i x a t i o n  

m y  ccnsidercblg increa.re if the waves, exc i t ed  i n  t h e  plasma, are not 
crea ted  5y t h e  considered beam, but by some o the r  sourcee. 

c on t r ac t NO. NAS - F 37 5 o TranElated by ANDRE L. BRICHANT 

on 2 9 -  31 October 1965 
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